Introduction
Overcapacity of fishing fleets has become one of the big issues of the Common Fisheries Policy of the European Union. 1 Where in the early stages of the Structural Policy fleet capacity was considered to be merely a socio-economic issue, the target capacities gradually became more and more connected with the stock Conservation Policy. Reducing overcapacity thus became an extra instrument, besides TACs and quotas, in the struggle to reduce overfishing of the common fish stocks. In its quest for an adequate measure of fishing capacity, the Directorate General for Fisheries of the European Commission commissioned a study on 'Measuring Capacity in Fishing Luc van Hoof is Head of the Department, Seafood and Aquaculture of the Netherlands Institute for Fisheries Research, PO Box 68, NL-1970 AB IJmuiden, the Netherlands, email: luc.vanhoof@wur.nl. Jan Willem de Wilde is a fisheries economist, Agricultural Economics Research Institute LEI, PO Box 29703, NL-2502 LS The Hague, the Netherlands, email: wildehaan@planet.nl. 1 The Common Fisheries Policy of the European Union sets rules and regulations for the sea fisheries of all Member States. It is composed of three main branches:
• The Market Policy, regulating the markets for fish and fish products; e.g. , by setting quality standards, minimum price levels, import quotas, and tariffs; • The Structural Policy, regulating the size and structure of the fishing industries of the Member States, in particular the fishing fleets; • The Conservation Policy, regulating the level of fishing on fish stocks in Community (= Union) waters, by setting TACs and quotas and through technical measures (minimum sizes, gear restrictions, closed areas, and seasons etc. ).
Industries using the Data Envelopment Analysis (DEA) Approach' (Vestergaard et al. 2002) . The overall purpose of the project was twofold: methodological and empirical. Several methodological issues were treated that had not been handled before in the literature. On the empirical side, case studies were undertaken on a wide variety of fishing fleets, amongst which were the flatfish beam-trawler fleets of the Netherlands, Belgium, and Germany.
Beam trawling for flatfish is one of the largest fisheries in the North Sea, generating landings valued at around 400 million euros annually. The Dutch beam trawlers are the leading fleet in this fishery, producing about half of the total landings value. Of this fleet, a quite extensive and reliable set of data is available from the continuous LEI costs and earnings study. Therefore, the case study of the Dutch beam trawlers was chosen for this paper.
The paper discusses the DEA approach and the variants applied in the case study (they will be more thoroughly dealt with elsewhere in this issue). Then the Dutch beam-trawler fishery is described and the data presented, followed by the results of the analyses of the DEA approach. These will be discussed, and finally conclusions will be drawn.
The DEA Approach
A measure of (production) capacity of a firm or, in our case, a fishing boat, can be described as its potential output, given its fixed factors of production. These fixed factors are those that cannot be changed in the short run (in a boat, for example, its size or engine power). Differences in output between similar firms (boats) can be due to either differences in 'capacity utilisation' (CU) or differences in 'technical efficiency.' CU is the fraction the realised output constitutes of the maximum output that can be obtained by changing its variable input factors (changeable in the short run, like days at sea or crew size) given the level of fixed inputs. Technical efficiency, on the other hand, is the degree to which the potential output is achieved given that fixed as well as variable input factors are kept at their observed levels. For example, differences in the catch of two boats of the same size may be due to a difference in the number of days fished (CU), or a difference in the ability of the skipper in harvesting the resource (technical efficiency). In order to determine the potential output of a boat under normal operating conditions, these effects need to be separated out. A method to estimate technical efficiency and capacity utilisation is the non-parametric Data Envelopment Analysis (DEA). A FAO technical working group (FAO 1998) and a FAO technical consultation (FAO 1999) both suggested the use of the DEA approach as a common method to measure capacity and capacity utilisation in fishing fleets.
The DEA technique allows assessment of an ideal, 'best practice,' frontier technology that represents the most technically efficient combination of multiple inputs and outputs. That is, the output is as large as possible given input and technology levels (output orientation), or the input levels are as small as possible given the output levels (input orientation). The performance of existing technologies relative to the frontier can be expressed in capacity output scores (CO), that is the ratio of the frontier output to the output realised with that particular technology.
A simple example is given in figure 1 , showing four boats (j = A,B,C,D) lying on the production frontier for two species (m = 1,2) and a fifth boat E producing less. The production potential of boat E is represented by point E* on the frontier. The CO of E is OE*/OE, representing the extent to which the output of E could be increased. The CU of E is given by OE/OE* (or: 1/CO).
The DEA Model
For measuring capacity, an output-orientated DEA approach is used. Output orientation holds the current input levels fixed and assesses the extent to which outputs could be proportionally expanded. A CO score of 1.20, for example, would potentially allow the output level to be increased by 20% given the current level of fixed inputs. The other way around, the CU of this firm would be 1/1.2 = 0.833.
Capacity output and the optimum or full utilisation of variable input factors are estimated by solving the following linear programming model (Färe, Grosskopf, and Kokkelenberg 1989) :
subject to:
where: θ 1,i is the capacity score of firm i, u im is the amount of output m produced by firm i, F x and V x are the sets of fixed and variable inputs, respectively, x in is the quantity of input n used by firm i, z j is the intensity variable for firm j, λ in is the input utilisation rate by firm i of variable input n.
The z vector provides weights that are used to construct the linear segments of the piecewise technology frontier constructed by DEA. The model is run once for each firm in the data set. Capacity output is then determined by multiplying θ * 1,i by observed output for firm i. The problem imposes constant returns to scale, but variable returns to scale can be imposed by the constraint:
The practical implication of imposing variable returns to scale is that it is easier for some observations to be deemed efficient and placed on the frontier, as the firm is only compared to firms of similar size. The observed capacity utilisation (CUobs) is calculated as follows:
This provides a ray (or radial) measure of the fraction the observed output vector constitutes of the full capacity output vector. The CU scores range from 0 to 1, with 1 representing full capacity utilisation. Values of less than 1 indicate that the firm is operating at less than full capacity given the set of fixed inputs. The CUobs measure might be downwards biased because the numerator in the measure, the observed outputs, may not necessarily be produced in a technically efficient manner. A technically efficient measure of outputs can be obtained by solving a problem where both the variable and fixed inputs are constrained to their current levels. The outcome (θ * 2 ) shows the amount by which production can be increased to a technically efficient level.
The CU efficient (CUeff) measure is then calculated as the ratio of the observed and the technically efficient output (θ * 2 multiplied by the observed production for each output). That is:
The technically efficient CU measure again ranges from 0 to 1. Values less than 1 indicate that CU is less than full CU, even if all current inputs (variable and fixed) were used efficiently.
An unbiased measure of the capacity utilisation CUFÄRE (after the 'inventor' of the method [Färe, Grosskopf, and Lovell 1994] ) is obtained by taking the ratio of CUeff to CUobs:
By solving the models, we eventually have three measures of output: the observed output, the capacity output, and the efficient output. Similarly, we get three measures for capacity utilisation: observed, technically efficient, and unbiased capacity utilisation.
Second-stage Analysis
The capacity utilisation scores found with DEA can be more or less systematically biased by external factors influencing the performance of the firms. Corrections for these influences can be made by doing a second-stage analysis, implying a regression analysis of the CU scores with potentially influential environmental factors. In the project, generally a tobit analysis was applied, the results of which allow adjustment of the CU scores for environmental factors. For this, the regression model is specified as:
with w representing the external factors. By adding to the intercept term the largest positive residual, ε L , and subtracting this value from each residual, the adjusted residuals are made non-positive as required. The estimated value CU for each firm is thus adjusted to CU A = CU + ε L ≤ 1, and the resulting unbiased CU score is CU/CU A . In our case, however, we have not gone beyond the stage of a preliminary analysis of potential factors, using ordinary multiple linear regression. In order to 'normalise' the distribution of the CU scores, an arcsine-square root transformation was applied (Hogg and Craig 1995) . As the results did not indicate substantial effects from the plausible factors included, the analysis was not extended to the application of the standard methodology.
Industry (Re)allocation Model
The above analyses are basically directed at the individual firm level. Policy makers-at least fisheries policy makers-are more interested in the capacity and its utilisation of the industry as a whole. For that purpose, the individual firm capacity outputs can be aggregated and compared with the aggregate observed outputs. This gives a measure of overcapacity in the industry. However, that approach does not take into account the possibilities of capacity reallocation between firms for optimal use of the available inputs.
In the project, an industry model following the approach of Dervaux, Kerstens, and Lelue (2000) was developed that minimizes the industry use of fixed inputs such that total production is at least at the current total level by reallocation of the production between firms. Reallocation is allowed, based on frontier production and input use of each firm. In the short run, it is assumed that current capacities cannot be exceeded both at the firm and the industry level.
The capacity output model (equations 1-7) provides an optimal activity vector, z *k , for firm k with which 'optimal' frontiers of capacity output and capacity use of fixed and variable inputs can be computed:
With U m = Σ j u jm as the m'th industry output level and X f = Σ j x if as the aggregate fixed inputs available to the sector of factor f, the formulation of the short-run industry model is:
This gives the combination of firms that can produce the same or more outputs with less or the same amount of fixed inputs in aggregate. Here, the components of activity vector, z j , cannot be greater than 1, so current capacities cannot be exceeded. In the long-run version of the industry model, the capacity can be scaled up; i.e. , no restriction on z j . The long-run model is, therefore, model (13) without the upper limit on the activity vector. The method offers information on the resulting fleet structure, and hence the manager can target a fleet reduction program towards the relevant vessel groups. This basic model can be adjusted towards the specific study.
For application of the various DEA models, they were transformed into the GAMS (General Algebraic Modelling System) language, following DEA programmes written in GAMS by Olesen and Petersen (1996) .
The Dutch Beam-trawler Fishery

Fleet
The cutter fleet-traditionally skipper owned boats, in a number of instances evolved into family owned fishing companies, with crews on share-is the main branch of the Dutch sea and coastal fisheries. It consisted of about 400 vessels by the end of 2000, producing total gross revenues of 290 million in that year and providing employment to about 1,830 fishermen. The main activity is beam-trawling for flatfish: nearly 90% of the fishing effort, measured in kW-days, is spent in this fishery, yielding more than 80% of total revenues and providing for more than 70% of employment. Boats with main engines of more than 1,100 kW are almost exclu-sively engaged in this fishery. In addition, a number of 'Eurocutters'-boats with engines up to 221 kW-are beam-trawling for flatfish, a few full time or nearly full time, but mostly seasonally.
During the last decade of the 20th century, the Dutch cutter fleet was significantly reduced in size and power (see figure 2 and table 1) . This reduction mainly affected the medium-sized segment of the fleet, between 221 and 1,103 kW, which was reduced in numbers by 85%. The group of small cutters, up to 221 kW, went down by some 10%, and the number of big cutters, mainly beamers, after an initial rise dropped to slightly below its former level.
Management
The fleet reduction was brought about by a set of measures taken in the late 1980s for stricter control and enforcement of quotas, accompanied by a decommissioning programme. Flatfish quotas were allocated to individual boats already in the 1970s, before the CFP came about, and these individual quotas evolved into a system of individual transferable quotas (ITQs) (Davidse 1997) . During the 1990s, the cod and whiting allocations were also transformed into ITQs. As of February 1993, control and enforcement of the ITQs was transferred to associations of fishermen, or 'Groups' that are organised parallel to the POs (Producer Organisations). This system finally made the ITQs work like they were supposed to, encouraging fishermen to optimally manage their ITQs instead of exhausting them as fast as possible (to prevent being caught by the bell of closing the fishery by the government for depletion of the national quota [Hoefnagel and Smit 1997]) .
A capacity licensing system was introduced in 1985, limiting the main engine power (considered to be the main parameter for fishing power) of individual vessels. Boats fishing for species under quota were required to have an HP licence. Like the individual quotas, these licences were transferable and could be aggregated (with some limitations) to enable acquiring a boat with more power. One of the limitations was and is that no new boats and no boats more than 20 years old are allowed to have a main engine of more than 2,000 HP (1,471 kW). This rule has led to a gradual replacement of beam-trawlers of more than 2,000 HP by powerful, modern 2,000 HP boats (De Wilde 2002). Another restriction is that for beam-trawling in the 12-mile zone and the 'plaice box' (a coastal protected area north of Germany and the Netherlands and west of Denmark), the maximum engine power is 300 HP (221 kW). The restriction makes the 300 HP size class, generally referred to as 'Eurocutters,' quite popular (De Wilde 1998).
In 2003, the Dutch capacity licensing system was merged into the general European fisheries licensing system. The old capacity licenses, representing a certain market value, however, are still valid.
Data
In the Netherlands, systematic studies of fishing vessel costs and earnings were started in 1948 by the Fisheries Section of the Agricultural Economics Research Institute, LEI. LEI visits vessel owners to collect data directly from their accounts that are made available through voluntary participation. Of the cutter fisheries sector, costs and earnings figures are collected from a panel of some 120 boats. The sample is divided into 12 HP-groups and into two geographical areas: north of the port of Scheveningen (including the port of Urk on Lake IJsselmeer) and South. These groups include the beam-trawl fishery, (pair) trawling on cod, whiting and herring, and the shrimp fisheries. Throughout the last quarter of the twentieth century, these panel data have provided the most reliable and consistent set of statistics on Dutch sea fishing activities. The main reasons for this are the continuity of collection and the absence of control purposes (LEI can and will refuse requests for individual data by controlling agencies like tax collectors and fishing inspectors).
For the DEA analysis, a group of vessels was selected out of the total panel that had beam-trawling as their main activity in the particular period (as represented by an activity level of over seven months of beam-trawling in a given year and more than 70% of sea days spent on beam-trawling). An initial set of 60 vessels was used to implement a preliminary analysis of input and output factors and their relevance for the model and for validation of the GAMS DEA model.
The following data per observation were used:
Fixed inputs:
• Engine capacity in kW;
• Size of the vessel in gross tons (GT);
• Age of the engine.
Variable input:
• Number of sea days; actual number of days spent beam-trawling.
Outputs:
• Results of the fishery in kg and in NLG, divided into 24 variables, representing quantity (kg) and value (NLG) of the catch, and the average price (NLG/ kg) of the main species (sole, plaice, turbot, dab, cod, whiting, haddock, and other species).
Eventually, engine age was left out of the analysis, as it appeared to have no explanatory power. Annual data per vessel over the period 1992-99 were included for all boats that met the selection criteria. After analysis of the entire selected fleet data, the data set was split into two segments: vessels of 1,500 HP and over and vessels of less than 1,500 HP, which consists mainly of vessels of 300 HP and less ('Eurocutters'). The average characteristics or inputs of these segments are given in table 2; the average relevant outputs in kilograms are given in table 3. The variables used in the analysis are given in table 4. In addition to the two target species, sole and plaice, two groups of bycatch species are defined as output variables: other flatfish and other fish. Both groups contain species with highly different price levels (e.g. , turbot vs. dab or cod vs. whiting), so the plain sum of landings in kg may give a distorted impression of the contribution of the bycatches to the total output. In order to correct for this possible distortion, the contributions of the individual components have been weighted by dividing (the sum of) the landing values by the sum of the average landing prices of the components (Σp i q i /Σp i ).
A rule of thumb for the required degrees of freedom is that the number of observations should at least be: max (number of inputs * number outputs)or3 * (number of inputs + number of outputs)
resulting in a minimum of 21 observations for our present model (Cooper, Seiford, and Tone 1999) . For analysis of the entire fleet and for the segment of vessels with an engine capacity of over 1,500 HP, all years comply with the rule of thumb. The sample of vessels with an engine capacity below 1,500 HP did not meet the rule of thumb requirement in any year and, therefore, has been disregarded in the further analysis.
Results
Individual Vessel Analysis
The analysis of the CU of the panel data was implemented in two analytical steps; in step one the entire fleet sample was analysed. In the second step, the sub-segment of vessels ≥ 1,500 hp) was analysed. Variable returns to scale were assumed, having the effect that boats are only compared to boats of similar size. This is more in line with reality than assuming fixed returns to scale (see the Discussion), but has the effect that more boats will be deemed efficient. As the above panel fleet was selected for being active in a single 'métier' (at least 75% of sea days allocated to beam-trawling), the four output factors include the entire outcome of the fishing operation. The average CU scores of the annual individual vessel analyses for the whole panel and the two segments separately are given in table 5. Nearly half of the individual observed capacity utilisation scores of the entire fleet over the whole period lie between 0.9 and 1, about one third is between 0.7 and 0.9, and less than 10% is below 0.5. The distribution of the technical efficiency scores, Cueff, is more or less similar, with about half of the boats being nearly or fully efficient, 35% operating at 0.8 to 0.95 efficiency, and no boats below 0.5. As a result, the unbiased capacity utilisation scores, CUFÄRE, for about three quarters of the entire beam-trawler fleet sample over the whole period are between 0.9 and 1, and seven eighths of the fleet scored over 0.75. The generally high scores of the beam-trawlers are reflected by the various average outputs-observed, capacity, and efficient-that are closely lying together in most years, as shown in figures 3 and 4 for the target species, sole and plaice, respectively. It should be noted that the fluc- tuations of the various outputs mainly reflect the sample size and, just to a limited extent, changes in average catch levels. The results of the individual vessel analysis of the ≥ 1,500 HP segment are not much different from those of the whole sample. This is as expected, since this segment constitutes the dominant part of the beam-trawling fishery for flatfish. The average CU scores of the segment are given in table 6. The technical efficiency scores are, on average, generally quite high and, with the exception of 1994, the average unbiased CU score is close to or above 0.9. In fact, three quarters of the CUFÄRE scores over the entire period equal or lie more or less systematically above 0.9, and an additional 15% lie between 0.7 and 0.9. The observed, capacity, and efficient outputs of the main target species, sole and plaice, are pictured in figures 5 and 6, The average CUFÄRE scores in the other case studies of the project were mostly below 0.9, with the exception of the French Nephrops trawlers (0.986) and Channel fleet (0.952). The UK otter trawlers and beam-trawlers of the English Channel had average unbiased scores of 0.84 and 0.86, respectively; the Danish trawler fleets scored around 0.875, and the netter fleets around 0.83, on average (Vestergaard et al. 2002) . 
Second-stage Analysis: Environmental Factors
In order to find explanatory factors for the level of the CU scores for a particular fleet segment in a particular year, the CU scores, as generated by a first-stage DEA analysis for all vessels for all the periods, were calculated in a single run of the model. Regression analysis was used to determine the relation between the CU scores and the following factors:
• Year, as a parameter for possible trends;
• Northern or southern home port (dummy), as circumstances and operational habits are assumed to differ for these regions; • North Sea spawning stocks of sole and plaice, the main target species, as changes in stock size may affect the performance of boat/skipper/crew combinations, some specialising in plaice and others in sole; • Annual Dutch quotas for sole and plaice, for the same reasons and as quotas do not always reflect stock sizes; • Annual average price for sole and plaice; • Fleet size of the northern and southern fleet segments in HP and in GT, as changes in these fleet capacity factors will be indicative of changes in the share of individual boats in the (regionally) available quotas and the fishing activity.
In a stepwise analysis, it was determined that the most important terms for the model were the dummy for the home port, the price for plaice, the quotas for sole, the spawning stock for both plaice and sole, and the fleet sizes in GT of the northern and southern segments.
For the regression, the skewed distribution of the observed CU was transformed into a distribution approximately resembling a normal distribution by applying an arcsin CUobs transformation. An extract of the GENSTAT output of the results of the regression analysis is presented in table 7. Although the model in itself is signifi- Figure 6 . Average Plaice Output of the ≥1,500 HP Segment cant, the percentage of the variance that is accounted for is low, giving the impression that the environmental factors contribute little to the differences in capacity utilisation.
Industry Analysis
The industry model was run for the beam-trawler fleet sample of 1998. The results for the entire sample (comprising both the < 1,500 HP and ≥ 1,500 HP segments) are presented in table 8. An optimum fleet (sample) size of 60 boats is suggested, implying a reduction by eight boats, or nearly 12%. For the ≥ 1,500 HP beam-trawler sample, a reduction by six boats is suggested, representing 11% of the sample size.
Discussion
The DEA approach has a number of strengths and limitations. It can be a powerful tool which:
• Can handle multiple-input and multiple-output models; • Does not require an assumption of the functional relations between input and output; • Compares a firm against (a combination of) peers; • Can handle inputs and outputs that have different units of measurement. The approach, however, is limited by the fact that:
• It is good at estimating 'relative' efficiency but converges slowly to 'absolute' efficiency; • DEA is a non-parametric technique, so statistical hypothesis tests are difficult to perform; • DEA creates a separate linear program for each firm; hence, large problems are quite computationally intensive; • Noise, such as measurement error, can cause significant error due to the fact that DEA is an extreme point technique.
• The number of factors included in the analysis (variable and fixed inputs and outputs) strongly influences the number of efficient firms.
The capacity of a fleet assessed with DEA is expressed in the output that could be produced if all firms would operate at optimum efficiency. The extra output above the observed in this approach can be considered as overcapacity. Alternatively, with the industry model the difference between the fleet that provides the minimum set of inputs required to produce the observed set of outputs and the existing fleet can be considered as overcapacity. It is questionable whether this is a realistic approach, as in reality no fleet will operate completely efficiently. The human factor will always see to it that differences in efficiency exist. As a consequence, reduction of a fleet to optimum capacity would almost certainly result in a reduction of produced outputs. A fresh DEA then would arrive at a new level of optimum capacity, and another round of reduction might be sparked. In fact, the DEA method only gives an indication of the latent production capacity that might become apparent when used at full efficiency. There is no reason to require full efficiency of operators in the fleet, so some room should be left for inefficiency.
Against this background, the Dutch beam trawler fleet can be considered as highly efficient, with average unbiased CU scores of 0.9 and upward, and an efficient fleet that is just 12% smaller than the existing one. The high efficiency might be partly attributed to the assumption of variable returns to scale. This assumption conforms to reality, as Smit (1996) and De Wilde (1993) have shown that there are diminishing returns to scale in the cutter sector. A cutter of twice the tonnage and engine power does not generally produce twice as much fish. An assumption of constant returns to scale might have resulted in lower CU scores, but it would have implied that a 3,000 HP cutter would have a fishing capacity equal to ten 300 HP 'Eurocutters'. Any fisherman in the Netherlands would call that utter nonsense.
Among the factors that influence the CU of vessels, a significant difference appears to exist between vessels operating from the northern and those operating from southern ports. This would indicate that next to distinguishing vessel size and re- lated mode of production (métier; especially as reflection of output realised in a different mode of production), home port plays a significant role in constructing reference groups in calculating CU scores and, hence, in determining efficiency of operations.
The fact that the fleet has been working with restricted ITQs that were strictly enforced throughout the period considered might have influenced efficiency. The extent of this could be subject of further study.
Conclusions
The DEA approach is a useful method to assess the relative efficiency of individual operators in a fishing fleet and to estimate latent overcapacity due to inefficiencies. It seems to be less suitable to indicate an absolute fleet capacity level, expressed in a set of fixed inputs.
In general, the conclusion is that, on average, the Dutch beam trawlers are operating in an efficient manner. However, the level of efficiency is determined by both environmental factors and by the composition of the reference group. In a further analysis, focus should be on the study of a constant group of similar vessels over a time period. This reference group then could provide the information useful to perform an analysis with different restrictions and assumptions.
